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A simplified battery charging system has been devised which
eliminates the need for a separate battery regulator. The proposed
method uses a portion of the solar array to directly charge the battery.
The solar array characteristics provide both voltage and current
control. In addition, the portion of the array used for battery charging
is available for other loads when the battery is not being charged.

The structural redesign detail work is continuing. The longitudinal
stiffening members have been located, and the method of connecting the
forward equipment structure to the thrust tube has been chosen. Target
weights have been assigned to all subsystems to assist in maintaining
weight control.

A communications test panel has been designed which incorporates
2 unique multiple-access receiver. In this receiver the input signal is
divided down in frequency so that the modulation index is reduced to the
same value as that utilized in the phase modulator in the spacecraft.
This reduction in index permits the use of coherent detection in a simple
phase detector.
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1. INTRODUCTION

The use of communication satellites has been recognized to answer
the need for greatly expanded global communications capability. It has been
a major effort of the United States Government and of industry to develop a
satellite relay system at the earliest possible time.

Under NASA Goddard Space Flight Center Contract NAS-5-1560,
Hughes Aircraft Company developed the Syncom I spacecraft to be orbited by
NASA Delta launch vehicles and used in conjunction with Department of
Defense Advent ground stations for the performance of inclined synchronous-
orbit communication experiments during 1963,

The Syncom I spacecraft will demonstrate a simple spin-stabilized
design capable of being placed in a synchronous orbit, At the same time, it
will be demonstrated that a simple pulse-jet control system can provide the
stationkeeping necessary to maintain a synchronous orbit,

Additional important mission objectives of the NASA communication
satellite program include the demonstration of a "stationary" or equatorial,
synchronous orbit, conduct of system orbital life tests, demonstration of
new wide-band services on a transoceanic basis, and demonstration of a sys-
tem accessible to all nations.

Under NASA Goddard Space Flight Center Contract NAS-5-2797,
Hughes is conducting feasibility studies and advanced technological develop-
ment for an advanced, stationary, active repeater communication satellite.
A Summary Report covered the technical progress achieved during the orig-
inal contract period and detailed the system configuration resulting from the
system studies. A subsequent supplementary report covered further studies
made under modification two to the above contract and the accompanying
technical direction,

This is the second report under modification three to the above con-
tract and covers activities during the month of June 1963,



2. COMMUNICATION SYSTEM DESIGN

A simplified block diagram of the present design of the multiple
access transponder and of the multiple access test panel is shown in Figure
2-1. In this form the basic frequency relations and the similarity of units in
the two equipments are readily apparent. In addition to serving as a test
panel, the circuit in Figure 2-1 is also suitable for use in a communication
terminal. Several advantages accrue from the use of this configuration,

The spacecraft master oscillator becomes the system master oscillator, and
no frequency synthesizer is required for the ground terminals. The use of
the complementary frequency divider reduces the spectrum to the low modu-
lation index signal corresponding to the phase modulator output in the space-
craft, This permits the use of coherent detection in a simple phase detector,
avoiding the necessity of an elaborate linear frequency discriminator. If
necessary, the communication signals can be recovered completely free of
incidental phase modulation produced by the low-frequency phase noise
spectrum of the spacecraft master oscillator. Since the ground oscillator
follows these low-frequency phase disturbances, the 6-kmc chain output has
the same phase noise as the spacecraft local oscillator, delayed by 1/8 sec-
ond. This delay is exactly equal to the delay on the communicationsignals
measuredfromthetime the noiseis impressed onthem at the spacecraft mixer.
A signal is therefore available to compensate exactly for phase instability in
the spacecraft, without recourse to a retransmitted pilot signal. The lowest
frequency part of the spectrum is automatically nulled. If noise frequencies
above a few cycles per second become important, they can be measured sep-
arately and cancelled from the received spectrum.
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3. LAUNCH AND ORBIT ANALYSIS

TRANSLATION DUE TO INITIAL ORIENTATION IMPULSE

During an orientation maneuver, the axial jet produces simultane-
ously both a torque and a translatory impulse. Since any translation of the
spacecraft represents a potential need for stationkeeping control action, it
is desirable to estimate the magnitude of the translation impulse.

The greatest number of axial pulses fired in one sequence is expected
during initial orientation (~1250 pulses, calculated by means of the orienta-
tion dynamics IBM computer model*), Thus, the calculation below assumes
this number of pulses.

Starting with the basic assumptions that the spin axis traces a great
circle instead of a rhumb line, and the large number of discrete jet pulses
closely approaches a continuum, the N-component of the translation impulse

is 90 degrees (Figure 3-1)
fAVO sin 0do
9

which for 6, (the inclination of the spin axis prior to orientation) = 24,4
degrees and AV = 18/1,.145 = 15,72 fps/radianis 15.72 x 0.91] = 14. 3 ips.
(AV = 18 fps is the equivalent AV required of the control system for the ori-
entation maneuver, and 90 degrees - 24,4 degrees = 65,6 degrees = 1,145
radians is the precession angle.) It should be noted that this impulse is
always in a northerly direction,

14.3 fps is ~12 percent of the estimated AV (112 fps, 3¢ ) required
to correct for ascent guidance inclination errors, and hence will be taken
into account in estimating total AV requirements for the mission. Similarly,
w/2
AV = j AV cos 6d6
east o)
0

(o)

AVO(l -sin 24,4 degrees)

(15.72) (0,587)

9.23 fps
"Advanced Syncom Monthly Progress Report, ' Hughes Aircraft Company,
May 1963.




Figure 3-1. Translation Impulse Due
to Initial Orientation Impulse




INDUCED NUTATION ANGLE DURING PULSED OPERATION OF AXIAL
JET FOR INCLINATION REMOVAL

In the May Progress Report, pages 3-6 to 3-8, it was shown that the
reduction of the axial jet duty cycle to one-third (due to possible axial jet
temperature rise problems) resulted in a negligible effect on the efficiency
of the inclination removal when compared with the continuous operation
sequence.

This report presents an analytical model of the induced nutation angle
history, 6(t), during axial jet pulsing for inclination removal. The effect of
a simplified first-order nutation damper time constant, T4, is also included.
Numerical substitution of typical design parameters indicates a maximum
induced nutation angle, |8| max, of about 1.7 degrees during a 54-minute
inclination removal sequence of one-sixth duty cycle with 12 seconds ''on"
pulse time. This angle may be further reduced if the spin phase angle at
which the jets are turned on and off is shifted a number of times during the
sequence in a manner that will tend to cancel the nutation angle excited from
previous pulses.

Mathematical Model

Considering the spacecraft as a spinning symmetrical rigid body
with constant spin speed, w,, spin axis moment of inertia greater than the
transverse moment of inertia, I,> Iy = Iy, the Euler equations of motion (in
body coordinates x, y, z) resulting from axial jet pulsing may be represented

in complex form by (note: w= (%: w)

(:)'i'QC W= n (3-1)
QCE?TL+J'Q;J'=\/-1 (3-2)
d

—

Q = = = = 1--I—Z- in (3-3)
= I =@ "% F I /7
VA S

N
=I—;q(m+k)TSSt5[q(m+k)+k] o
a = ;
Sfafm +K) K]St @+ 1) (ot k)T
q = : ’ : LR | v-1 (3'4)
3-3



where
= + i
w w, T
= component of body angular velocity normal to spin axis, radians
per second
a = dimensionless constant (= 1 in this example)
T, = nutation damper time constant, seconds
d
= 300 seconds
L spin period seconds
~ 0.6 seconds = ZTr/wZ
R nutation frequency (undamped), seconds
w2,
Ik Z
n = normalized torque, ft-lb/slug-f’c2
No = applied torque
=~ 10 ft-1b
IX = transverse moment of inertia, slug-ft2
~ 51.7 slu.g-ft2
m = number of "'jet-off" spin periods per on-off cycle
=0 1, 2
k = number of 'jet on'" spin periods per on-off cycle
Duty _ k
cycle m t k
q = running index of on-off cycles
=90, 1, 2, ..., v-1
v = number of on-off cycles required to remove an initial inclina-
tion, Ai
ta
= —k_r—s; t, = 544 seconds for Ai = 0.65 degrees™

*1"Advanced Syncom Monthly Progress Report,' Hughes Aircraft Company,
May 1963.




where

A solution to Fquation 3~-1 for wis given by

( -2 kT ) ( -Q v(m+k)'r')
-Q T c s c s
w=we ° +2 1-e l1-e (3-5)
o 2 ( -2 mtk)T )
c c s
1-e
T = total time of inclination removal process with a reduced duty
cycle
ta v
= [v(im + k) - m] T, T [kTS (m+k)—m] T,
w_ = initial component of body angular velocity normal to the spin
axis (assumed zero).
The subsequent nutation angle, 6, is therefore given by
tan 6 =~ 6 = - (3-6)
“n

Equation 3-6 can be maximized by noting that in general

v(m+k)>>k

-x xz x3
e = l—x+7—ﬁ'+...

and also, in this particular case,

so that

<< (2], @=1)

2| = |a

3-5



Thus,
No Ts ZTd-ak Ts
max |tan o] = max |8]| = X T A T (3-7)
(2w)" 1 l-I—
x
ak T
2 -
- |n| L d
Q jw T
cl n

Ifk = 20, m = 100 to yield a duty cycle of

o
—

m + k 6
and a total inclination removal time of

544

= '—1-2—'(120) - 100] 0.6 = 3204 seconds = 53. 4 minutes

the maximum nutation angle becomes

0.0527) 2 - (20) (0.002)] _

max | 6| = ( 14. 7 (120) (0.002) )~ 0.0294 radian

= 1. 68 degrees

This value of max |6| as well as that of T appear to be tolerable.

3-6




4. SPACECRAFT SYSTEMS DESIGN

SPACECRAFT SUBSYSTEMS PERFORMANCE REQUIREMENTS
SPECIFICATION AND BLOCK DIAGRAM, REVISION B, 28 JUNE 1963

1. 0% Introduction

1.1 Purpose: The purpose of this specification is to define require-
ments to which each subsystem of the Syncom II is to be designed and tested.

1.2 Scope: This specification defines what is required of each sub-
system of the Syncom II.

2.0 Applicable Documents

2.1 The following documents form a part of this specification to the
extent specified herein:

MIL-W-8160D Dated 17 March 1961
Wiring, Guided Missile Installation
of General Specification for

MIL-1I-26600(USAF) Dated 2 June 1958
Amendment 1, dated 17 June 1959
Interference Control Requirements
Aeronautical Equipment

General Range Safety Plan Dated 1 April 1960, Errata Sheet
Volume I, Missile Handling Dated 4 May 1960, Revision 1
Dated July 1960, Revision 2

ILMSC-A057612 Dated 30 September 1962
Syncom Booster Feasibility Study
Final Design Report
Lockheed Missile and Space Company

V3

The numbers in this section refer to the actual specification numbers.



Technical Memorandum 732 Dated October 1962

Environment of Syncom Mark II
Paul M. Blair, Jr. and
Herbert T. Toda

S2-0100 Dated 18 February 1962
Performance and Test Specification
Advanced Syncom Spacecraft

Dated 15 May 1963
Syncom II RF and Electrical
Interface Specification

Dated 15 May 1963
Syncom II Mechanical
Interface Specification

NASA Document Dated 15 February 1963
MSFC-PROC-158B Procedure for Soldering of
Electrical Connectors

3. 0 Requirements

3.1 Definition of Spacecraft Subsystems. The major and minor con-
trol items have been grouped together into functional groups as subsystems.
These subsystems and the control items of which they are composed are
listed below and shown diagrammatically in Figure 4-1,

1) Communication Subsystem
475025, 475030, 475040

2) Antenna and Jet Control Subsystem
475035, 475303, 475160

3) Telemetry and Command Subsystem
475045, 475050, 475055

4) Power Supply Subsystem
475060, 475251, 475252, 475253, Battery

5) Spacecraft Structure Subsystem
475065, 475301, 475302, 475304, Separation Switch

6) Wire Harness Subsystem
475300
7) Apogee Motor Subsystem
8) Reaction Control Subsystem
4-2




3.2 Communication Subsystem: The communication subsystem shall
provide facilities to receive, convert frequency, amplify, and retransmit
microwave signals. FEach transponder shall be capable of operating in either
a frequency-translation mode or a multiple-access mode. An unmodulated
beacon signal shall be transmitted to provide a signal for ground antenna
autotrack. Series and/or paralleled redundant units shall be used as neces-
sary (consistent with weight and volume limitations) to satisfy reliability
requirements. The communication subsystem shall be composed of:

1) Four Communication Transponders, 475025
2) One Communication Antenna, 475030
3) Four Communication Transmitters, 475040

3.2.1 Reliability: The communication subsystem shall have a prob-
ability of operation within the performance requirements of 0.906 for a
l-year requirement and 0. 525 for a 3-year requirement.

3.2.2 Communication Transponder - 475025

3.2.2.1 Quantity: There shall be four communication transponders.

3.2.2.2 Modes: Each transponder shall be capable of operating in
either the frequency-translation or the multiple-access mode.

3.2.2.3 Frequency Assignments: The frequency assignment for
transponders shall be (in megacycles) as given in Table 4-1.

3.2.2.4 Common Requirements: Each mode of the transponder shall
meet the following requirements.

3.2.2.4.1 Input and Output Impedance: The input and output imped-
ance of each receiver of the transponder shall be approximately 50 ohms.

3.2.2.4.2 Noise Figure: The noise figure of each receiver shall be
better than 9 db (referenced to the standard noise temperature of 290°K).

3.2.2.4.3 Power Out: Each receiver shall have a power out of
Il mw % mw. *

3.2.2.4.4 Telemetry Outputs: Each receiver shall provide an output
from the IF strip for transmission by telemetry transmitter.

3.2.2.4.5 Transponder Power: Each transponder shall require no
more than 75 ma at 24 volts.

Certain parameters have been omitted because applicable data were not
available at time of publication.
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TABLE 4-1. TRANSPONDER FREQUENCY ASSIGNMENTS (MC)

. IF
Master Oscillator Fre-
T quency
Multiple | Frequency | Trans-

Transponder| Input Output Beacon | Access |Transponder | ponder

475025-100 {6019. 325 3992.09 |4006.95}| 31.1882 15. 83776 62. 4
475025-101 |6108.275| 4051. 08 |4066.16| 31.6491 16.01718 63.3
475025-102 |6212.10 | 4119.94 |4135.28]| 32.1870 16. 34496 64. 4

475025-103 |6301.05 | 4178.93 |4194.49| 32,6979 16.57901 65.2

3.2.2.5 Frequency Translation Receiver, Peculiar Requirements:
The frequency translation receiver shall translate and amplify the signal
carrier frequency with no conversion in modulation.

3.2.2.5.1 RF Bandwidth: The 3-db bandwidth for the frequency-
translation receiver shall be 25 mc*1. 5 mc measured between IF input and
RF output.

3.2.2.5.2 Received Carrier/Received Noise: The requirements of
this specification shall not be imposed unless the received carrier power to
the received noise power ratio is at least +20. 1 dbw.

3.2.2.5.3 Frequency Stability: The beacon signal frequency shall be
stable to within 0. 002 percent.

3.2.2.6 Multiple-Access Receiver, Peculiar Requirements: The
multiple-access receiver shall convert the single-sideband signals from the
IF strip into a phase-modulated signal. This signal shall be multiplied up to
the proper microwave frequency and amplified.

3.2.2.6.1 RF Bandwidth: The 3-db bandwidth of the multiple-access
receiver shall be 6 mc (+1 mc, -0.5 mc) measured at the preamplifier
output.

3.2.2.6.2 Phase Modulator Distortion Noise: The distortion noise
generated in the phase modulator shall be so low that it does not represent a
limiting factor in meeting CCIR's signal/noise recommendations for noise
channels when companders are used.

3.2.2.6.3 Capacity: Each of the multiple-access receivers shall be
capable of conveying up to 1200 one-way 4-kc voice channels.

3.2.2.6.4 Test Tone/Fluctuation Noise Ratio: This ratio shall be
greater than 47. 6 db.




3.2.2.6.5 Test Tone/Intermodulation Noise Ratio: This ratio shall
be greater than 50.5 db.

3.2.2.6.6 Test Tone/Noise Ratio: This ratio shall be greater than
45. 8 db.

3.2.2.6.7 Inputs-Outputs: The transponder inputs-outputs shall be
as given in Table 4-2.

3.2.3 Communications Antenna - 475030: The antenna unit shall
receive the incoming 6-gc signals, separate them into the four frequency
channels, and supply them to the appropriate receiver. The antenna unit
combines the four 4-gc signals from the transmitter unit, processes and
transmits them.

3.2.3.1 Receiving Antenna: The receiving antenna shall be capable
of receiving 6-gc signals.

3.2.3.1.1 RF Power In: None of the performance requirements of
the communication subsystem shall apply unless the input power is at least
-106. 7 dbw.

3.2.3.1.2 Gain: The antenna gain shall be at least 8 db over the fre-
quency range of 6019, 325 to 6301. 05 mc.

3.2.3.1.3 Receiving Antenna Pattern Characteristics: The radiation
pattern of the receiving antenna shall be omnidirectional in the ¢-plane and
have a minimum beamwidth of 17. 3 degrees in all 8 planes. The peak of the
beam will be at an angle of & = 90 degrees in all directions of ¢.

3.2.3.2 Receiver Multiplexer: The receiver multiplexer shall be
used to separate the received b-gc signals into the four frequency channels.

3.2.3.2.1 Input and Output Impedance: The input and output imped-
ance shall be as close as is possible to 50 ohms.

3.2.3.2.2 Frequency: The multiplexer shall be capable of separat-
ing the input into four separate frequency channels:

1)  6019.325 mc
2)  6108.275 mc
3)  6212.10 mc
4)  6301.05 mc

3.2.3.2.3 Bandwidth: The bandwidth on the four frequencies listed
above shall be +12.5 mc.




TABLE 4-2. TRANSPONDER - 475025

Inputs and Outputs

Number of

Control Item Quadrants Function Description
Inputs from:
475173 1 Multiple access AM/SSB
475173 1 Frequency translation WBFM
475211 4 Turn on multiple-access Command pulse

series regulator

475211 4 Turn off multiple-access
series regulator

475211 4 Turn on frequency
translation series
regulator

475211 4 Turn off frequency
translation series
regulator

Outputs to:
475171 1 Multiple-access output
475171 1 Frequency translation
: output

475221 4 Multiple-access signal
strength

475221 4 Frequency translation

signal strength

Command pulse

Command pulse

Command pulse

PM

WBFM

The standard command pulse shall be 60-msec long, have a 5-msec rise

time, and be 0.2 volt in amplitude.

4-9



3.2.3.2.4 Losses: The maximum loss shall be 1. 04 db or less over
the frequency range.

3.2.3.2.5 RF Power Input: The power in shall be at least -100. 2

dbw.

3.2.3.2.6 Isolation: Isolation between frequency channels shall be
at least 17 db at fo *44. 8 mc (f, denotes each of the four frequencies listed
in 3.2.3.2.2).

3,2.3.3 Transmitting Multiplexer: Transmitting multiplexer shall
be used to combine the four 4-gc signals,

3,2.3.3.1 Input and Qutput Impedance: The input and output imped-
ance shall be as close as possible to 50 ohms.

3.2.3.3.2 Frequency: The transmitting multiplexer shall be capable
of accepting frequencies from 3979.59 mc to 4194. 49 mc,

3.2.3.3.3 Losses: The losses shall not exceed 0.7 db for the four
transponder frequencies as listed in 3.2.3.2.2. The beacon loss shall not
exceed 2. 0 db.

3.2.3.3.4 RF Power Inputs: The RF power input shall be at least
5.7 dbw.

3,2.3.3.5 1Isolation: Isolation between channels shall be at least
17 db at f, +44. 8 mc (f, denotes each of the four frequencies listed in
3.2.3.2.2).

3.2.3.4 Phased Array Transmitting Antenna: For the purpose of
specifying antenna gain and pattern characteristics, the phased array is
defined as consisting of the 16 collinear arrays that make up the radiating
portion of the antenna, the transmission lines leading from the outputs of the
phase shifters to the element arrays and any matching networks required to
obtain a broadband impedance match of the element arrays, the phase
shifters, and eight-way power divider.

3.2.3.4.1 RF Power Splitter - 475153: The RF power splitter shall
split the RF power into eight equal amplitude and equal phase parts.

3.2.3.4.1.1 Frequency: The frequency range shall be from 3992. 09
mc to 4194. 49 mc.

3.2.3.4.1.2 Losses: The losses shall be no more than 1 db over the
frequency range.

3.2,3.4.1.3 RF Power Input: The RF power input shall be at least
5.0 dbw.




3.2.3.4.1. 4 Input and Output Impedance: The input and output
impedance shall be made as close as possible to 50 ohms.

3.2.3.4.2 Power Amplifier - 475162: The power amplifiers shall be
capable of accepting signals of the four 20 cos 2w (sin (27 ft plus mw/8)) and
20 sin 2w (sin (2™ ft plus mm/8)).

3.2.3.4.2.1 Gain: The power amplifiers shall have a gain of 2. 86
db.

3.2.3.4.2.2 Power Input: The power amplifier shall not require
more than amps at -24 volts, amps at 24 volts, amps at
-35 volts, and amps at 35 volts,

3.2.3.4.2.3 Power Amplifier Regulators - 475163:

3.2.3.4.2.3.1 Quantity: There shall be a regulator for every power
amplifier,

3.2.3.4.2.3,2 Vdtage Output: The regulators shall be capable of
supplying +24 volts and £35 volts.

3.2.3.4.3 Phase Shifter - 475152: The phase shifters shall be
capable of inducing 16 different phase shifts (¢ n) ofd, = 2mcos(wt + n *© 22.5

degrees), n=0, 1, 2, ... 15, where the spacecraft spin rate,w , shall be
200w *£100w radians.

3.2.3.4.3.1 Losses: The maximum losses shall be 1 db over the
frequency range.

3.2.3.4.3.2 RF Power Input: The minimum RF power input shall
vary over the range 0.4 w/phase shifter to 2 w/phase shifter.

3.2.3.4.3.3 Input and Output Impedance: The input and output
impedance shall be made as close as possible to 50 ohms.

3.2.3.4.4 Phased-Array Transmitting Antenna - 475150

3.2.3.4.4.1 RF Power Input: The RF power input shall be at least

3 dbw.

3.2.3.4.4.2 Phased-Array Antenna Gain: The pattern gain, at the
peak of the beam, shall be at least 18. 0 db over the frequency band from
3992, 09 mc to 4194. 49 mc.

3.2.3.4.4.3 Phased-Array Antenna Pattern Characteristics: The
radiation pattern of the transmitting antenna shall be an elliptically shaped
pencil beam a minimum of 17. 3 degrees wide in the 6 -plane (parallel to the
spin axis) and 23 degrees wide in the ¢-plane (perpendicular to the spin




axis). The peak of the beam will be at an angle 6 = 90 degrees for anydirec~
tion of the beam in the ¢-plane.

3.2.4 Communication Transmitter - 475040: The communication
transmitter shall consist of a power amplifier, amplifier power supply, and
input-output buffer equipment.

3.2.4.1 Quantity: There shall be four communication transmitters.
Each communication transmitter shall consist of:

1) One 3-db hybrid 475171

2) One telemetry monitor 475177

3) Two RF switches 475173 and 475176
4) Two traveling-wave tubes 384H

5) Two TWT power supplies 475174

3,2.4.2 3-db Hybrid - 475171: The 3-db hybrid shall be capable of
accepting signals from two separate sources and coupling them to either of
two separate outputs.

3.2.4.2.1 Losses: The losses including the power split shall not
exceed 3. 40 db over the frequency range 3992. 09 to 4194. 49 mc.

3.2.4.2.2 RF Power Input: The RF power input shall be 1.1 %
milliwatt.

3.2.4,2.3 Isolation: Isolation shall be at least 25 db.

3.2.4.2.4 Input and Output Impedance: Input and output impedance
shall be made as close as possible to 50 ohms.

3.2.4.2.5 Input-Outputs: 3-db hybrid inputs-outputs shall be as
given in Table 4-3.

3.2.4.3 Power Amplifiers: The final power amplifiers shall be
traveling-wave tubes 384H.

3.2.4.3.1 Input Power: The input power shall be 1/2 mw £ mw.

3.2.4.3.2 Output Power: The RF output power of each power ampli-
fier shall be at least 4 watts.

3.2.4.3.3 Frequency Band: The TWT shall be capable of operating
within specifications over the frequency range 3992. 09 mc to 4194. 49 mc.




TABLE 4-3, HYBRID - 475171

Inputs and Outputs

Number of
Control Item Quadrants Function Description

INPUTS FROM:
475025 1 Multiple access PM, 1 mw
475025 1 Frequency translation | WBFM, 1 mw

OUTPUTS TO:

384H 1 Multiple access PM, 1/2 mw

384H 1 Frequency translation WBFM, 1/2 mw

3.2.4.3.4 TWT Electrical Performance: TWT electrical perform-
ance shall be found in Table 4-4.

3.2.4.3.5 Inputs-Outputs: TWT inputs-outputs shall be found in
Table 4-5.

3.2.4.3.6 Filter: An S-band output filter shall be provided.

3.2.4.4 TWT Power Supply - 475174: The power supply shall pro-
vide necessary power for TWT operation.

3.2.4.4.1 Power Input: The power input shall be -24 volts +1
percent,

3.2.4.4.2 Cathode Voltage: The cathode voltage shall be -1300 volts
+1]1 percent.

3.2.4.4.3 Helix Voltage: The helix voltage shall be 0 volt.

3.2.4.4.4 Collector Voltage: The collector voltage shall be -725
volts £1 percent.

3.2.4.4.5 Anode Voltage: The anode voltages shall be 125 volts *1
percent. ’

3.2.4.4.6 High Voltage Start: There shall be a high voltage start
pulse. The start pulse shall be a standard command pulse.




TABLE 4-4. ELECTRICAL PERFORMANCE - TWT 384

Frequency

RF power output

RF saturation gain
RF small signal gain

Spurious output (harmonics
of operating frequency)

Noise figure

Impedance

VSWR (input and output)
Maximum load VSWR
Intermodulation distortion
Efficiency (excluding heater)
Heater power

Total dc input power
Cathode voltage

Collector voltage
Collector current

Helix voltage

Helix current

Anode voltage

Anode current

Heater voltage

Heater current

Predicted life

3.9 gcto 4.2 gc
4.1 to 4.5 watts
40 db

50 db

28 db
50
1.2:1

Short circuit, any phase

35 percent
1. 17 watts nominal
12, 1 watts

-1300 volts + percent

-725 volts £+ ___percent
17. 6 ma

0 volt

1.7 ma

125 volts + percent

0

4.5 volts + percent

0. 27 ampere

50, 000 hours




Table 4-4 (continued)

Focusing Platinum - Cobalt magnets
Field strength - 750 gauss

Beam transmission with RF 85.5 percent
Cathode

Base Ni

Impurities . 09 percent Zr

. 02 percent Fe
. 001 percent Mn
. 001 percent Si
. 02 percent Cu
. 005 percent W

OO0 OO0

o

Cathode loading . 0854 a.mp/crn2

Cathode temperature 720 °C

TABLE 4-5. TRAVELING-WAVE TUBE 384-H

Inputs and Outputs

Number of
Control Item Quadrants Function Description
INPUT FROM:
475174 1 Cathode -1300 volts 19. 3 ma
475174 Helix 0 volt 1. 7 ma
475174 1 Anode 125 volts 0 ma
475174 1 Collector -725 volts 17.6 ma
475174 1 Filament 4.5 0.27 amp
475171 1 RF 4 gc 1/2 mw
OUTPUT TO:
475173 1 RF 4 gc 4 watts
4-15




3.2.4.4.7 Filament Voltage: The filament power supply shall be
-4.5 volts ac =] percent.

3,2.4.4.8 Transmitter Regulators: The transmitter regulators
shall be a series type.

3,2.4.4.8.1 Power Input: The power input shall be -28 volts
unregulated.

3.2.4.4.8.2 Turn-on/Turn-off: The transmitter regulators shall be
capable of being turned on and turned off by a standard command pulse from
any of the three regulators.

3.2.4.6.1 Quantity: There shall be two RF switches,

3.2.4.6.2 RF Switch, Receiver - 475176

3.2.4.6.2.1 RF Power In: The RF power in shall be at least
-100. 2 dbw.

3.2.4.6.2.2 Frequency Band: The RF switch receiver shall be
capable of operating within specifications over the frequency range of
6019. 325 to 6301. 05 mc.

3.2.4.6.2.3 Losses: The losses shall not exceed 0. 3 db over the
frequency range given in 3.2.4.6.2.2,

3,2.4.6.2.4 Switching Current: The switching current shall not
exceed 1. 0 ampere.

3.2.4.6.2.5 Input and Output Impedance: The input and output
impedance shall'be made as close as possible to 50 ohms.

3.2.4.6.2.6 Inputs-Outputs: The RF switch input-outputs shall be
as given in Table 4-6.

3.2.4.6.3 RF Switch, Transmitter - 475173:

3.2.4.5.3.1 RF Power Input: The RF power input shall be at least
4 watts.

3.2.4.6.3.2 Frequency Band: The RF switch shall be capable of
operating within specification over the frequency range of 3992. 09 to
4194. 49 mc.

3.2.4.6.3.3 Losses: The losses shall not exceed 0.3 db over the
frequency range 3992. 09 to 4194. 49 mc.

3.2.4.6.3.4 Switch Current: The switching current shall not exceed

1. 0 ampere.




TABLE 4-6. RF SWITCH

Inputs and Outputs

Number of
Control Item Quadrants Function Description

Switch, Receiver
475176

Inputs from:

Multiplexer RF 6 gc -1002 dbw
1 Switch current 1 ampere
Outputs to:
475025 1 RF multiple access | 6019 - 6301 mc
475025 1 RF translation 6010 - 6301 mc

Switch, Transmitter
475173

Inputs from:

TWT 384H No. 1 1 RF 4 gc 6 dbw

TWT 384H No. 2 1 RF 4 gc 6 dbw

475174 No. 1 1 Switch 1 ampere

475174 No. 2 1 Switch 1 ampere
Outputs to:

4715154 1 RF 5.7 dbw

3.2.4.6.3.5 Input and Output Impedance: The input and output
impedance shall be made as closeto 50 ohms as possible.

3.2.4.6.4 Input-Outputs: RF switch input-outputs shall be as given
in Table 4-6.

3.2.4.7 Telemetry Monitor - 475172: The telemetry monitor shall
be capable of monitoring a 4-watt signal for telemetry purposes.




3.3 Antenna and Jet Control Subsystem, The antenna and jet control
subsystem is comprised of four sets each of three control items:

1) Phased-Array and Jet Control Electronics, 475035
2) Central Timer, 475303
3) Series Regulator, 475160

This subsystem is responsible for firing the apogee motor at the proper
time; developing control signals to provide the spacecraft with the capability
of being properly oriented and synchronous in the equatorial plane; and
maintaining antenna beam despin rate.

3.3.1 Reliability: The antenna and jet control subsystem shall have
a probability of operation within the performance requirements of 0.988 for

a l-year requirement and 0.963 for a 3-year requirement.

3.3.2 Phase-Array and Jet Control Electronics

3.3.2.1 Quantity: There shall be four phased-array and jet control
electronics.

3.3.2.2 Phased-Array Control Electronics (PACE): Each PACE
shall be able to operate independently of the other three PACE.

3.3.2.2.1 Signals Out: There shall be 16 signals out of the PACE.
They shall be 20 cos 2n [sin (27 ft + mw/8)] and 20 sin 27w [sin (27 ft +
mmw /8)] wherem =0, 1, 2, ..., 7.

3.3.2.2.2 Error: The positioning error on the beam shall not
exceed * 1 degree.

3.3.2.3 Jet Control Electronics: The jet control electronics shall
be capable of producing four jet fire pulses.

3.3.2.3.1 Command Beam Angle: The command beam angle shall
be the angle at which the jets fire. They shall be standard command pulses.

3.3.3 Central Timer - 475303

3.3.3.1 Quantity: There shall be four central timers.

3.3.3.2 Squib Fire Signals: The central timer shall provide a fire
signal 315 minutes *1 percent after separation. Squib fire signal from at
least two central timers shall be necessary to fire squibs.

3.3.3.2.1 Output Level: The output level shall be -24 volts.




3.3.3.3 Relative Motion Correction Pulse: The central timer shall
provide 512 pulses per day.

3.3.3.3.1 Output Level: The output level shall be -24 volts.

3.3.3.3.3.2 Pulse Width: The pulse shall be 10 microseconds wide.

3.3.4 PACE Inputs-Outputs: PACE inputs-outputs shall be as given
in Table 4-7.

3.3.5 Series Regulator - 475160: Each PACE shall have a series
regulator for a power supply.

3.3.5.1 Power Out: The regulator shall provide +24 volts at 200 ma
and -24 volts at 100 ma. Regulation shall be *1 percent. Maximum ripple
shall be 200 mv peak-to-peak.

3.3.5.2 Turn-on/Turn-off: Each regulator shall be turned on and
turned off by separate turn-on/turn-off pulses. The pulses shall be standard
command pulses.

3.3.5.3 Failure Turn-Off: Each regulator shall be capable of turn-
ing itself off or be capable of being turned off by command in the event of any
internal failure.

3.4 Telemetry and Command Subsystem

The telemetry and command subsystern shall provide facilities to
receive, process, and execute commands which will control spacecraft
operation. It shall also provide facilities to encode digital and analog sig-
nals, which indicate quality of operation and transmit these signals to the
ground.

3.4.1 Reliability. The telemetry and command subsystem shall have
a probability of operation within the performance requirements of 0. 99 for a

l-year requirement and 0. 98 for a 3-year requirement.

3.4.2 Telemetry and Command Antenna - 475045.

3.4.2.1 Polarization: The polarization of the radiation shall be
elliptical. For transmission, the axial ratio of the polarization along the
spin axis shall not be greater than 1 db and, as a design objective (not a
requirement), the ratio should be less than 3 db to a 30-degree angle with
respect to the spin axis. For reception, the axial ratio of the polarization
ellipse should be less than 3 db along the spin axis, as a design objective
(not a requirement).

3.4.2.1.1 Radiation Pattern: As nearly isotropic a coverage as
possible shall be provided. Radiation pattern measurements shall be made
with linearly polarized source antennas.




TABLE 4-7,

PACE DIGITAL CONTROL - 475161

Number of

Control Item Quadrants Function Description
INPUT FROM:
475211 4 Central timer FF No. 1l | Command pulse
475211 4 Central timer FF No.2 | Command pulse
475211 4 Backup command Command pulse
475303 4 Selection logic
475211 4 Cl Command pulse
475211 4 c2 Command pulse
475211 4 Ccl . Command pulse
475211 4 C2 Jet fire angle Command pulse
475211 4 C3 Command pulse
475211 4 C4 Command pulse
475302 4 |
475302 4 )
475160 1 Power +24 volts
475160 1 Power -24 volts
4 Timing signal
475211 4 Pseudo ¢ Command pulse
OUTPUTS TO:
475221 4 b2 angle
475221 4 Y2 angle
475221 4 P2
475221 4 Beam angle
475221 4 Beam angle
475221 4 Beam angle
Axial jet No. 1 Jet command
Axial jet No. 2 Jet command
Radial jet No. 1 Jet command
Radial jet No. 2 Jet command
475152 4 Phase n=20
475152 4 shift n=1
475152 4 drivers n =2 20 cos 2w
475152 4 n=3 [ sin (27 ft+mm/8)]
475152 4 n=4%
475152 4 n=>5
475152 4 n=6
475152 4 n=20
20 sin 2w
[sin (2w ft+mmn/8)]
4-20




Table 4-7 (continued)

Number of
Control Item Quadrants Function Description

475152
475152
475152
475152
475152
475152
475152
475221

Phase
shift
drivers

S pBB3BBB
TR TR TR TR TR TR
N ONUT R WV

AT T TN

PACE lock

The standard command pulse shall be 60 msec long, have a 5-msec rise
time, and be 0.2 volt in amplitude.

3.4.2.1.2 Bandwidth: The center frequency shall be the transmis-
sion frequency. Signal strength of the receiving frequency shall not be down
more than 3 db.

3.4.2.2 Diplexer
3.4.2.2.1 Quantity: Four diplexers shall be provided.

3.4.2.2.2 Frequency: Two channels shall be provided in each
diplexer. One channel shall serve as an input to the receiver, and the other
channel shall serve as an output from the transmitter.

3.4.2.2.3 Isolation: The receiver channel shall offer at least 60 db
rejection to the transmitter frequency. The transmitter channel shall offer
at least 30 db rejection to the receiver frequency.

3.4.2.2.4 Insertion Loss: The insertion loss, with all diplexers,
multiplexers and cables installed and properly terminated, shall not exceed
3 db between the input to any transmitter channel and the antenna terminals,
or 3 db between the antenna terminal and the input terminals to the receiver.

3.4.2.2.5 Voltage Standing-Wave Ratio: The voltage standing-wave
ratio at the receiver and transmitter terminals, with all necessary cabling,
multiplexers, diplexers and antennas properly installed on the spacecraft,
shall not exceed 1.5:1 at the transmitting frequency and 2. 5:1 at the receiv-
ing frequency.

3.4.3 Command Group - 475050. The command group shall be com-
posed of

1) Four Command Receivers, 475210



2) Four Command Filter-Decoders, 475211
3) Four Command Regulators, 475212

3.4.3.1 Command Receiver - 475210

3.4.3.1.1 Input Signal: The receiver shall be designed to receive
amplitude modulated signals.

3.4.3.1.2 Frequency: The center of the frequency pass band shall
be___ mec.

3.4.3.1.3 Noise Figure: The noise figure of the receiver shall be
10 db maximum referenced to the standard source temperature of 290°K.

3.4.3.1.4 Receiver Stability: The receiver shall remain within
0. 003 percent of the selected frequency.

3.4.3.1.5 IF Bandwidth: The bandwidth at points 3 db down from
maximum response shall be 60 kc 15 kc.

3.4.3.1.6 Input and Output Impedance: The input and output imped-
ance shall be 50 ohms.

3.4.3.1.7 Sensitivity: For amplitude modulated input signal levels
of -95 dbm or greater the receiver output shall be sufficient to operate all
command functions.

3.4.3.1.8 Input-Output: Command receiver input-outputs shall be
as given in Table 4-8.

3.4.3.2 Command Decoder - 475211

3.4.3.2.1 Operation: The command decoder shall process the audio
signal so as to generate command signals to all required circuitry.

3.4.3.2.2 Command Pulse Duty Cycle: The command receivers and
that portion of the decoder circuitry required to initiate full command turn-
on shall be operating at all times that spacecraft power is on.

3.4.3.2.3 Redundancy: The command system shall be intercon-
nected so that failure of one of the multiple systems does not compromise
the ability of remaining systems to perform all command functions.

3.4.3.2.4 Real-Time Operation: The design of the command system

shall be predicated on the necessity of a real-time RF link for the execute
signal.

3.4.3.2.5 Inputs-Outputs: Command decoder inputs-outputs shall
be as given in Table 4-9,




TABLE 4-8.

Inputs and Outputs

COMMAND RECEIVER - 475210

Number of

Control Item Quadrants Function Description
INPUTS FROM:
Whip antenna Command receiver 148 mc
475212 1 Power supply -24 volts

OUTPUTS TO:

475221 4 AGC
475211 1 0, 1, execute tones Awaiting NASA fre-
quency determination
TABLE 4-9. COMMAND DECODER - 475211

Number of

Control Item Quadrants Function Description
INPUTS FROM:
475210 1 0, 1, execute tones Awaiting NASA fre-
quency determination
475212 1 Power supply +24 volts regulated
475212 1 Power supply -24 volts unregulated
OUTPUTS TO:
475160 4% Turn on series Command pulse
regulator
475160 4k Turn off series Command pulse
regulator
475025 4k Turn on multiple- Command pulse

access series
regulator




Table 4-9 (continued)

Control Item

Number of
Quadrants

Function

Description

475025

475025

475025

475175

475175

475175

475175

475160

475160

475160

4

43

Turn off multiple-
access series
regulator

Turn on frequency
translation series
regulator

Turn off frequency
translation series
regulator

Turn on series
regulator for TWT
No. 1

Turn off series
regulator for TWT
No. 1

Turn on series
regulator for TWT
No. 2

Turn off series
regulator for TWT
No. 2

Central timer
select FF No. 1

Pseudo Y

Central time
select FF No. 2

Jet fire backup
command

Cl

Cl Jet fire angle

Command pulse

Command pulse

Command pulse

Command pulse

Command pulse

Command pulse

Command pulse

Command pulse

Command pulse

Command pulse

Command pulse

Command pulse

Command pulse




Table 4-9 (continued)

Number of

Control Item Quadrants Function Description
475160 1 c2 Command pulse
1 c2 Command pulse
1 C3 Command pulse
1 C4 Command pulse
475174 4% High voltage start Command pulse
TWT No. 1
4% High voltage start Command pulse
TWT No. 2
475160 4 Command antenna Command pulse
beam angle
475221 4 Execute command Command pulse
475221 4 Encoded command
register
475221 4 Encoded command
register
475221 4 Encoded command
register
475221 4% Turn on Command pulse
4 Turn off Command pulse

One distinct and different signal shall be sent to each of the quadrants.
The standard command pulse shall be 60 msec long, have a 5-msec rise

time, and be 0.2 volt in amplitude.

3.4.3.3 Command Regulator - 475212:
shall provide -24 volts =l percent to both the command receiver and com-
it shall also provide +24 volts +]1 percent to the command

mand decoder.
decoder.

The command regulator




3.4.4 Telemetry Group - 475055. The telemetry group shall con-
sist of:

1) Four Telemetry Transmitters, 475220
2) Four Telemetry Encoders, 475221
3) Four Telemetry Regulators, 475222

3.4.4.1 Telemetry Transmitter - 475200

3.4.4.1.1 Frequency: Two of the transmitters shall be designed to
operate at a frequency of mc and the other two transmitters should be
designed to operate at a frequency of mec.

3.4.4.1.2 Frequency Stability: The transmitter frequency shall
remain within 0. 003 percent under normal service conditions.

3.4.4.1.3 Power Output: The transmitter output shall be at least
1 watt into a 50-ohm load.

3.4.4.1.4 Modulation: The modulator portion of the transmitter
shall angle-modulate the RF signal generated in the transmitter.

3.4.4.1.5 Modulation Sensitivity: The modulation sensitivity shall
provide 1.5 radians phase deviation for normal input from the encoder.

3.4.4.1.6 Input and Output Impedance: Input and output impedance
shall be 50 ohms.

3.4.4.1.7 Inputs - Outputs: The telemetry transmitter inputs-
outputs shall be as given in Table 4-10.

3.4.4.2 Telemetry Encoder - 475221: The telemetry encoder shall
be capable of commutating the input signals (Table 4-10) and providing a
suitable modulation signal to the telemetry transmitter.

3.4.4.2.3 Input and Output: The telemetry encoder input-outputs
shall be as given in Table 4-11.

3.4.4.3 Telemetry Regulator - 475200: The telemetry regulator
shall provide -24 volts #*]1 percent. It shall be a series-type regulator.

3.4.4.3.1 Turn-on/Turn-off: The telemetry regulator shall be
capable of being turned on and turned off by a standard command pulse from
any of the four command decoders.




TABLE 4-10.

TELEMETRY TRANSMITTER - 475220

INPUTS FROM:

Same as outputs from 475221 and -24 volt power supply from 475222

OUTPUTS TO:

475201

Same as inputs except for -24 volts

TABLE 4-11.

TELEMETRY ENCODER - 475221

Inputs and Outputs

Number of

Control Item Quadrants Function Description
INPUTS FROM:
475061 4 Jet fire Digital
475211 4 Execute Digital
Battery No. 1 Unregulated bus voltage Analog
No. 1
Battery No. 2 Unregulated bus voltage Analog
No. 2
475252 Solar panel temperature Analog
475161 4 PACE lock Digital
475161 4 Antenna beam angle Digital
475161 4 Antenna beam angle Digital
475161 4 Antenna beam angle Digital
475211 4 Command verification Digital




Table 4-11 (continued)

Number of

Control Item Quadrants Function Description
475211 4 Command verification Digital
475211 4 Command verification Digital
475302 4 Y, angle Digital
475302 4 Y, angle Digital
475302 4 Y, angle Digital

4 Propellant tank pressure Analog
No. 1
4 Propellant tank pressure Analog
No. 2
4 Propellant tank pressure Analog
No. 3
4 Propellant tank pressure Analog
No. 4
475172 Transmitter power No. 1 Analog
475172 Transmitter power No. 2 Analog
475172 Transmitter power No. 3 Analog
475172 Transmitter power No. 4 Analog
475025 Receiver signal strength Analog
No. 1
475025 Receiver signal strength Analog
No. 2
475025 Receiver signal strength Analog
No. 3
475025 Receiver signal strength Analog
No. 4
47522 1 Power supply -24 volts




Table 4-11 (continued)

Number of

Control Item Quadrants Function Description
475302 4 Y Analog
475302 4 L},JZ Analog

OUTPUTS TO:

475161 4 Timing signal

475220 Same as inputs excluding -24 volts (power sup-
ply) and including spacecraft identification,
T/M set identification, and calibration reference.

3.4.5 General Subsystem Requirements

3.4.5.1 Countdown Testing: The beacon tracking, telemetry, and
command subsystem shall operate with the nose fairing in place to the extent
necessary to control and measure proper performance of the spacecraft.

3.4.5.2 Operating Duty Cycle: The telemetry and command sub-
system shall be designed to have the capability of continuous operation.

3.4.5.3 Telemetry and Test Signal Provisions: Test plugs shall be
provided on the units of the telemetry and command subsystem as required
to allow appropriate signal voltages to be monitored for telemetry and test
purposes.

3.5 Power Supply Subsystem - 475060: The electrical power sub-
system shall provide the spacecraft electronics with operating power. The
electrical power will be provided by solar panels. A battery shall be pro-

vided to supply power during eclipses and peak loads. The subsystem shall
consist of

1) 96 battery cells
2) 16 solar panels
3.5.1 Reliability. The power subsystem shall have a probability of

operation within the performance requirements of 0. 998 for a l-year
requirement and 0. 994 for a 3-year requirement,




3.5.2 Solar Array
3.5.2.1 Quantity: There shall be sixteen solar panels. They shall

consist of fourteen Solar Panels - 475252 and two Solar Panels, Special -
475253,

3.5.2.2 Common Requirements

3.5.2.2.1 Solar Array Output: The solar array output shall be 28. 0
volts and 5. 14 amperes, at a solar intensity of 140 mw/cm, 2 a temperature
of 77 °F and a sun incidence angle of 90 degrees +25 degrees.

3.5.2.3 Peculiar Requirements

3.5.2.3.1 Solar Panel, Special - 475253: The special solar panels
shall be similar to the Solar Panel - 457252, having a different cell layout to
accommodate the radial jet.

3.5.3 Battery
3.5.3.1 Quantity: There shall be 96 nickel-cadmium battery cells.

3.5.3.2 Discharge-Charge Efficiency: The discharge-charge effi-
ciency is defined as the ratio of the ampere-hours removed from a fully
charged battery during discharge to the ampere-hours required to restore
it to its originally fully charged condition. For the initial system design, the

discharge-charge efficiency shall be greater than 36 percent (including
change regulations).

3.5.3.3 High Current Discharge: The cell terminal voltage during
discharge of a fully-charged cell at a load of 12. 0 amperes shall be 1. 0 volt
minimum for a period of 10 seconds.

3.5.3.4 Capacity at High Rate Discharge: The cell discharge capac-
ity at 75°F shall be a minimum of 4. 8 ampere-hours when discharged at a
constant current of 6. 0 amperes to an end voltage of 1. 0 volt.

3.5.3.5 Power Capacity: The capacity shall be:

6.0 amp-hr at 75°F at 1.2 amperes discharge rate
4.8 amp-hr at 100°F at 1.2 amperes discharge rate
4.8 amp-hr at 30°F at 1.2 amperes discharge rate

3.5.3.6 Maximum Charge Rate: The maximum charge rate shall be
5 amperes. The maximum overcharge rate shall be 0. 6 ampere continuous.




3.5.3.7 Maximum Charge Voltage: The maximum charge voltage
shall be 1. 48 volts.

3.5.3.8 Cycle Life: The minimum cycle life shall be 10, 000 at
25 percent depth.

3.5.4 Battery Charge Current. Three solar cell strings on each of
four solar panels shall provide charging current to 24 battery cells. The
other three sets of 24 battery cells shall be charged in the same manner.

3.5.5 Power Distribution. The power shall be distributed to the
system by two separate buses as shown in Table 4-12,

3.5.5.1 Power Distribution per Bus: Each bus shall provide power
to two quadrants, one-half of the reaction subsystem, phase shifter power
amplifiers, and one of the apogee motor squib firing circuits.

3.5.5.2 Bus Source: Each bus shall obtain its power from eight
solar panels and 48 battery cells.

3.5.6 Unregulated Bus Characteristics

3.5.6.1 Voltage: The unregulated bus voltage shall be within the
limits of -27 and -36 volts dc during normal operating conditions in orbit
with all equipment functioning properly. Necessary power regulation or
conversion shall be provided as part of each subsystem.

3.5.6.2 Transients: During transfer of the spacecraft equipment
loads from any mode of operation to another the voltage at the equipment
terminals shall remain within the range of -24 to -37 volts dc and shall
recover and remain within the steady-state limits in less than 0.5 second.

3.5.6.3 Ripple: The peak-to-peak ripple voltage output of the solar
panels, measured on the unregulated bus, shall not exceed 0.5 volt. The
ripple frequency shall be less than 1000 cps.

3.5.7 Discharge Control. Discharge control shall be provided by
dropout of the loads under reduced voltage input. The dropout voltage shall
increase when loads over the rated value are placed on a subsystem regula-
tor by defective circuitry. The removal of loads by regulator dropout shall
not impair later normal use of the subsystem when the voltage is restored
to normal values.

3.6 Structure Subsystem

3.6.1 Structure. The spacecraft structure shall provide the basic
support for the other subsystems of the spacecraft and for the attachment to
the spacecraft support structure of the boost vehicle.
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3.6.1.1 Accessibility: Accessibility and the capability of quick
removal of components shall be considered in the design for mounting sub-
systems. The covers of the spacecraft shall be removable to permit maxi-
mum accessibility to the internal subsystems for replacement, repair, and
checkout with minimum weight expenditure.

3.6.1.2 Appendages: Four tracking, telemetering, and command
antennas shall be mounted on the forward (direction of launch or +Z) end of
the spacecraft. The communications antenna shall be mounted on the aft
(or -Z) end of the spacecraft on the spin axis,

3.6.1.3 Use of Shock and Vibration Isolators: The use of shock and
vibration isolators shall require approval of the GSFC Project Manager.

3.6.2 Thermal Control Requirements. Thermal control of the
spacecraft shall be accomplished by passive and/or active temperature
design of the structure. Temperatures shall be controlled on each space-
craft part, unit, or subsystem within a range compatible with its function
and its reliability requirements.

3.6.3 Reliability. The structure subsystem shall have a probability
of operation, within the performance requirements of 0. 997 for a l-year
requirement and 0.991 for a 3-year requirement.

3.6.4 Nutation Damper - 475301. The spacecraft shall utilize two
nutation dampers to dissipate the spacecraft nutation energy as heat. The
design shall limit the maximum nutation angle to 1 degree when the space-

craft ic prccessed 125 degrees. The time constant of this device shall be
less than 1 hour.

3.6.5 Spin Rate Control. Provision shall be made for controlling the
spin rate to within 100 +50 rpm.

3.6.6 Sun Sensor Assembly - 475302. Each sun sensor assembly
shall provide a means of determining the angle between the spin axis and the
sunline as well as synchronization data on the spacecraft spin rate.

3.6.6.1 General Description: Each sun sensor assembly shall con-
sist of two Y sun sensors and two Y2 sun sensors. The inner ¢ and inner 2
are alignment references. The outputs of these sensors will be utilized by
the onboard electronics. The outputs of the outer |, and outer y2 will be
telemetered. The beam plane of each 2 sensor shall be at an angle of
35 #0.5 degree with respect to its reference | sensor. The sun sensor
assembly, in conjunction with on-board circuitry, shall be capable of meas-
uring the angle between the spin axis and the sunline, ¢ g, within 1 degree
when the angle is within 90 +25 degrees.

3.6.6.2 Installation and Alignment: Four sun sensor assemblies
shall be used on each spacecraft. The sun assemblies will be placed around




the circumference of the spacecraft at 0, 90, 180, and 270 degrees *0.1
degree, relative to the reference radial jet. The beam plane of the refer-
ence § sensor will be parallel to the spin axis within 0. 25 degree. The
beam plane of the reference y sensor will be parallel to a radial line of the
spacecraft within 0. 1 degree. The line formed by the intersection of the
y and §, planes will be perpendicular to the spin axis within £ ___.degree.

3.6.6.3 Output Signal Characteristics: A sensor will provide an
output signal when the sunline and its beam plane coincide.

3.6.6.3.1 Y Sensors

3.6.6.3.1.1 Output Voltage: The sensor output voltage shall be
between the limits shown in Figure 4-2 when the sunline and its beam plane
coincide.

3.6.6.3.1.2 3-db Beam-Width: The sensor 3-db beam width shallbe
[ 0.8° £ 12.5 percent
sin ¢4

] for ¢g values from 30 to 150 degrees.

3.6.6.3.1.3 Sensor Triggering Level: The sensor shall have an

0T *+ — percent
sin ¢g

beam plane for ¢g5 values from 30 to 150 degrees.

output of mv at an angle of

l from the center of its

3.6.6.3.2 Yy Sensors

3.6.6.3.2.1 Output Voltage: The sensor output voltage shall be
between the limits shown in Figure 4-2 when the sunline and its beam plane
coincide.

3.6.6.3.2.2 3-db Beam-Width: The sensor 3-db beam-width shall

be for ¢g values from 35 to 145 degrees.
3.6.6.3.2.3 Sensor Triggering Level: The sensor shall have an
+ .
output of mv at an angle of [eT Sin ;;Dercent ] from the center of its
s

beam plane for ¢4 values from 35 to 145 degrees.

3.6.7 Pyrotechnic Switch Assembly. Two pyrotechnic switch
assemblies are used to ensure that an open circuit exists between the unreg-
ulated bus and the apogee motor squibs after the squibs have been fired. The
requirements for this assembly are contained in the Procurement
Specification.

3.6.8 Separation Switch. Four separation switches shall be pro-
vided to define by telemetry separation of the spacecraft from the Agena and
to provide power to the central timer. The requirements for the item are
contained in the Procurement Specification.
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3.7 Wire Harness Subsystem - 475300

3.7.1 Wire

3.7.1.1 Voltage Drop: The electrical power and signal distribution
system shall be so designed that at no time shall any terminal voltage fall
below the rated value due to excessive voltage drop in response to transmis-
sion of rated currents.

3.7.1.2 Mechanical Strength: No wires smaller than size AWG-26
or equivalent etched circuit lines shall be used in the electrical power and
signal distribution system.

3.7.1.3 Installation of Wiring: The installation of wiring shall be in

general accordance with the applicable requirements of specification
MIL-W-8160.

3.7.2 Harness Construction. The harness shall be constructed to

minimize noise effects and to minimize physical damage from heat, flexing,
and centrifugal force.

3.7.3 Twisting. Twisting shall be used whenever necessary to
eliminate noise effects.

3.7.4 Shielded Wire. As a general rule, there shall be no electrical
connections between the shield of any shielded wire and any electrical cir-

cuitry. As a general rule, the shield of a shielded wire shall be grounded
only at one end.

3.7.5 Grounding

3.7.5.1 Common Ground: System return leads requiring grounding

shall be terminated as close as possible to the positive battery ground
terminal.

3.7.5.2 Unit Case Grounds: A component case may be considered a
shield. One connector pin on each unit may be electrically connected to the
unit case internally. The case may be grounded by mechanically contacting
a system ground plane or by wiring to the case ground connector pin.

3.7.6 Soldering. All soldering operations that are to be made on
Syncom II must be done by personnel that have been certified as passing the
requirements set forth in NASA Document MSFC-PROC-158B, "Procedure

for Soldering of Electrical Connectors,' (High Reliability) 15 February 1963.

The following numbers indicate paragraph numbers of the referenced
specification to which exception shall be taken.




VI A Zc

VI A 1d

VI A 1g

VI A 2a

VI A 2d

VI A 2h

VI A 3b

VI A 3e(2)

VI B 1d

If tubing cannot be used at abrasion points, wrapping may
be substituted. If tubing cannot be fitted over a terminal,
it may be dispensed with if the terminal has been cor-
rectly soldered, and sufficient clearance exists. MIL-I-
22129 is waived.

Preparation of new terminals should not be necessary.
Terminals that are being reworked may be cleaned as
necessary, care being taken not to damage the terminal
or surrounding area.

Silver-plated wire presently utilized on Syncom II is
insulated with fluorinated ethylene propylen (FEP) and
is acceptable,.

Any thermal stripper, such as American Missile
Products MOD. WS-17B, Ideal Model No. 45-130 or
45-141, that, in the opinion of the Quality Control inspec-
tor, does a satisfactory job, is authorized.

Heat sink tools will continue to be used. However, the
circumferential edges of the tool will be rounded and
burnished to reduce the possibility of wire abrasion.

Resistance soldering will not be used until it has been
thoroughly tested and established as a satisfactory
technique.

The environmental conditions described cannot at present
be met. However, all good housekeeping procedures will
be followed, as described in VI A 3a.

To reduce the possibility of accidental damage from
loose tools, soldering technicians will use tool trays.

Harness boards will be cleaned regularly to avoid
inclusions of debris in the harness assemblies.

The exposed wire between pot and insulation shall be
limited to 0.1 inch. If by chance this tolerance is
exceeded, NASA will consider and may approve the con-
dition on an individual basis.

The solder should follow the cup contour as closely as is
reasonable under the particular circumstance and should
have a slightly concave appearance. However, a convex
configuration is acceptable provided the solder does not
protrude beyond the outer diameter of the pot. Itis
recognized that the soldering process may leave a small



amount of solder adhering to the outer surface of the pot,
but excessive amounts, in the opinion of the Quality Con-
trol inspector, shall not be allowed. Inspections will be

made with five to ten power magnifiers. In cases of con-
troversy a higher power magnification may be used.

VI B 2a Where design or layout necessitates the connecting of
more wires than the terminal was designed for, the extra
wires may be wrapped around the terminal. All caution
will be used to ensure proper clearance, insulation, and
correct soldering. A sufficient excess length of wire
may be used on terminal posts to permit one wiring
change. These connections shall be heavily coated
with protective paint to provide support as well as
insulation.

V1B 1f Wicking should not extend beyond 0. 25 inch from the
solder pot and connections which exceed this limit will
be rejected if the insulation is bulged.

VIB3 Where necessary, in the opinion of the Quality Control
inspector, the wrap may be increased up to 270°.

3.7.7 Filtering. RF filters shall be provided on power line inputs
to RF circuitry.

3.8 Apogee Motor Subsystem. This subsystem shall consist of a
solid propellant rocket engine to be used for injection of the Syncom II
spacecraft into a nominally circular equatorial orbit from the apogee of a
transfer orbit. This subsystem is GFE. The requirements for this sub-
system are defined in Procurement Specification for Syncom II Apogee
Rocket Motor; Buyer: National Aeronautics and Space Administration;
Contractor: Jet Propulsion Laboratory.

3.8.1 Apogee Motor Drive Circuit. The apogee motor drive circuit
shall provide an output of 15 #5 amperes for £10 msec.

3.8.1.1 Quantity: There shall be two apogee motor drive
circuits.

3.8.1.2 Output Impedance: The output impedance shall be 4

ohms.




3.8.1.3 Reliability: The reliability of the apogee motor drive cir-
cuit shall be at least 0.999.

3.9 Reaction Control Subsystem

The reaction control subsystem shall provide two redundant sources
of thrust to correct spacecraft longitude, provide the spacecraft with the
capability of being synchronous in the equatorial plane, maintain spacecraft
spin rate, and orient the spacecraft so that the antennas will illuminate the
earth continuously. The unit shall consist of storage tanks for fuel and
oxidizer, injector soleno